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II. ON THE CLASSIFICATION OP THE CRETACEOUS BEDS.

By ROBERT A. C. GODWIN-AUSTEN, F.E.S., F.G.S.

THE two Memoirs by Dr. Reynes, on the Cretaceous formation,
which were noticed in the ninth number of the GEOLOGICAL

MAGAZINE, suggest two questions : how far the subdivisions there
proposed are applicable to the Cretaceous series of this country; and,
next, as to the sufficiency of the ground on which the synchronism
of the subdivisions of geological formations has been based. The
subject of the second Memoir, ' De FEtage,' involves considerations
which might be well extended to the whole range of the geological
series : indeed, it will hardly be profitable to make much progress
with the past physical history of the earth until rules for deter-
mining geological horizons shall be established.

The first of these questions has probably been answered much in
the same manner by many English Geologists. Things do not admit
of subdivision and the comparison of relative parts, unless they have
something in common. Dr. Reynes proposes ten subdivisions for the
Cretaceous series, each characterized by from three to four forms of
Shells or Urchins. Out of thirty-eight species which are cited, as
many as eighteen have not hitherto been recognized within the
British area; so that twenty species alone serve for comparison,
or an average of two for each ' stage.' This is a small amount of
evidence. In that school of Palaeontology, however, in which it is
a fundamental doctrine that a species has a definite duration in
time, and that identical forms, wherever met with, are proofs of
synchronism, a single species would have done as well.

The twenty species which have to be removed from Dr. Reynes'
list belong to the Mediterranean province of the Cretaceous Period,
•with which he is best acquainted.

Dr. Reynes' highest horizon * is that with Belemnitella mucronala,
B. quadrata, Micraster cor-anguinum, and Hemipneustes radiatus :
this last, a well-known form from the Maestricht and Gulpen beds,
has not been found in England. The three other species may be
placed thus :—Belem. mucronata, Micraster cor-anguinum, and
Belem. quadrala.

These forms, which are abundant in the Chalk of the North of
France, of Belgium, and of England, do not occur in the Cretaceous
beds of the Mediterranean area; and on such grounds the uppermost
division of the series might be supposed to be wanting there. Nor,
if recourse be had to considerations which will be noticed in the
sequel, can there be any comparison established between the Upper
Chalk of England and that of Maestricht.

In the horizon next below the second, the forms cited are Badio-
lites, Spharulites, and Hippurites, with Micraster brevis and Ostrea
auricularis. M. brevis may be only a Mediterranean-area variety of
M. cor-anguinum ; but the form does not occur with us, nor in the

* Upper Chalk—Chalk of Maestricht and Meudon.
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Cretaceous series of the Netherlands ; so that the 0. auricularis is
alone available. This is scarce as British; and if, as the observa-
tions of Morris and D'Orbigny would lead us to suppose, this species
should be the O. halitoidea and 0. Rauliniana of the Gault of
France, as of the Gault and Upper Greensand of England, present-
ing modifications of form according to its duration in time and con-
ditions of life-zone, it can hardly serve the purpose of a ' Leit-Mus-
chel' or < Guide-Shell.'

The third horizon contains Ammonites peramplus, Am. papalis,
Am. Deverice, and Radiolites cornu pastoris. The second of these
is a Mediterranean-area species, Am. Deveria : only one English
specimen has been reported; and the characteristics which distin-
guish it from Am. Rothomagensis are very unimportant. Am. per-
amplus in this country ranges from the Lower Chalk into that
without and with flints, through what must represent a vast space
of time. Radiolites cornu-pastoris occurs on the Atlantic side of
France, but 5° of latitude south of our Chalk area.

Division fourth has four typical fossils—Inoceramus labiatus,
Ammonites Weilhancii, Hemiaster Verneuillii, and Rhynchonella
Cuvieri. Mr. Sharpe puts this Ammonite doubtfully as the Am.
Cenomanensis of D'Archiac, a shell from the Grey Chalk of the South-
east of England ; but it has been very reasonably suggested that
Am. Cenomanensis may be only a variety of Am. Rothomagensis, and
of the extreme stage of its growth. The range of the Hemiaster is
far south of our area. The Inoceramus and Rhynchonella have a
long range in the Lower Chalk and the Sands next below.

In the next division—fifth—there are two British Ostrem, and an
Ammonite—Am. navicularis, which is perhaps the commonest form
in the Lower Chalk of the North Downs. With it occurs Ostrea
carinata-frons ; but this shell is much more abundant in our sandy
beds below the Chalk. Dr. Reynes places Ostrea Columba at the
head of the series. In Dorset the place of this shell is far below the
Chalk. M. D'Orbigny remarks that in the North of France the
position of this species is below the zone otAm. Rothomagensis, which,
so far as our limited data go, holds good for this country also.

The sixth horizon is that with Turrilites costatus and T. tuberc'u-
latus, Ammonites Rothomagensis and Am. inflatus-rostratus. Here
again species are put together which, so far as the English South-
east area is concerned, might well stand apart. T. costatus is abun-
dant in the Grey Chalk, and T. tuberculatus has its maximum in
the lower arenaceous strata, with phosphatic nodules : such is also
the position of Am. inflatvs.

M. D'Orbigny states that in the North of France the position of
Am. navicularis is always lower than that of Am. Rothomagensis.
Dr. Reynes reverses this order, and puts them into distinct subdivi-
sions. Should both observers be correct, it is a circumstance worth
attending to, as showing a different distribution in different pro-
vinces.

These six 'horizons' include the whole of the Chalk of England;
and, viewed in a general way, the thirteen forms cited may occur
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here in much the same order of succession as there given; but not
one has such a definite position in our Chalk as to justify the esta-
blishment of stage-lines. It is unnecessary to extend this comparison
to the remaining subdivisions of Dr. Reynes' table—the lower Cre-
taceous series, in the enormous development of the Lower Green -
sand in the East and South-east of England, as compared with
any part of continental Europe, shows that here were exceptional
conditions.

If in the South and West of France the Cretaceous series can be
separated into definite 'Stages,' it can only be by means of the
numerous forms of Rudistes which lived in those seas, and which
were wanting in our more northern marine Province. These forms
constitute the whole value of the minute systematic arrangements of
the French Geologists. The remaining forms, taken by themselves,
are insufficient for such a purpose. The White Chalk of the South-
east of England is a formation which represents conditions of con-
tinuous accumulation, and of remarkable uniformity, through a
vertical thickness of beds of more than a thousand feet. In this the
remains of animal life are exceedingly scarce, relatively to the
mass; and such as occur have a considerable range. So likewise
with respect to the Chalk of the North of France.

Dr. Reynes characterizes his uppermost horizon by Belemnitella
mucronata and B. quadrata ; and to this he assigns our ' Upper
Chalk.' The ' Upper Chalk' of England is a very vague term : it is
merely that portion which happens to be uppermost; there is no
part which has not been greatly denuded. The fossils of the flints
of the gravel-beds show that they have been derived from the zone
of Belem. mucronata and Micrast. cor-anguinum. The evidence as
to the character of the Upper Cretaceous marine fauna is not to be
met with either in the North of France or in England ; but it may
be found in Belgium and the Netherlands. The deposits are of
great variety and thickness; they contain a copious fauna, amount-
ing to nearly 1,000 species, of which only about 85 occur in our
' Upper,' ' Middle,' and ' Lower Chalk,' and in our ' Upper Green-
sand.' By the aid of the ampler evidence of this copious marine
fauna, the Dutch and Belgian Geologists make an upper zone with
Belem. mucronata, and a lower zone with Belem. quadrata; and
each of them has a greater number of characteristic species, or
species peculiar to it, than occur in the whole of the White Chalk
series of this country taken throughout. The Cretaceous deposits,
where such a subdivision is both obvious and necessary, as for
Belgium, are geographically continuous with the Chalk of England
and the North of France; and this suggests the second question
raised by Dr. Reynes' Memoirs : What in Geology is ' an Horizon'—
'uneEtage'? What is the evidence of synchronism ? Of this I
will attempt an answer in another communication.


